The glycoconjugate-binding properties and the expression of carcinoembryonic antigen in colonic cancers of cotton-top tamarins at the German Primate Center are described. Deviating from findings in nontumorous colonic epithelia of cotton-top tamarins was the presence of UEA-, SBA-, or DBA-binding sites in the infranuclear cytoplasm of colonic epithelial cells, staining of entire cells, and the occurrence of subepithelial extracellular glycoconjugates in and adjacent to colonic cancers. Carcinoembryonic antigen, which normally was limited to the fuzzy coat of the colonic epithelium, was demonstrated in the cytoplasm of the cancer cells.
Cotton-top tamarins (CTTs [Saguinus oedipus oedipus]) spontaneously develop colonic cancer in statistically significant numbers. To date, approximately 300 cases of CTT colonic cancers have occurred worldwide in a limited number of all in adult (> 2 years of age) animals. Ten cases were observed in 156 necropsied adult CTTs (average age = 7 years) of the German Primate Center (GPC) colony between 1978 and the end of 1993. Since a stock of approximately 40 adult CTTs has been maintained throughout those 15 years with an average death rate of 10 adults/year, a total of approximately 200 animals have been at risk, giving an incidence rate of colonic cancers in the CTTs at the GPC of 5%. Similarly, Petersen et al. 27 estimated the incidence rate at the Oak Ridge colony as 3.1% in relation to all animals at risk.
The CTT colonic cancers share certain properties with human colorectal cancers, which include excessive mucin production or early spread via lymphatics to regional lymph nodes and other organs. They differ from the human tumors by the invariable connection with advanced colitis/typhlitis/proctitis, their abrupt development within the mucosal layer without definite dysplasias, the lack of exophytic, papillomatous prodromal stages typical of human colorectal ~a n c e r , *~-~~ and their polyclonal development,19 in contrast to the monoclonal development of most human colorectal cancers.'* Other biological properties of the CTT colonic cancers still need some investigation; therefore, a limited number of histochemical determinations of glycoconjugate compositions and of the expression of carcinoembryonic antigen (CEA) are attempted. Six of the 10 CTTs with colonic cancers could be used for both lectin and CEA studies. The other four were of restricted use (CEA only), because no tissues were fixed in Bouin's solution.
Materials and Methods

Animals
The sex distribution and known ages of the animals included are given in Table 1 . (The exact ages of wild-born animals cannot be stated.)
For comparison, three animals without colonic tumors used in a callitrichid hepatitis project were included, labeled in Table 1 as "animals used for comparison."
Specimens
Specimens were taken for routine histopathology from all pelvic, abdominal, and thoracic organs including the ileocecocolic lymph nodes and the entire brain. The distribution of metastases is included in Table 1 . From the colon, the first 3 cm distal to the ileocecal valve were usually selected unless lesions were macroscopically visible in other parts of the colon (the callitrichid colon is a simple horseshoe shape with no flexure or sigmoid; the different parts, therefore, are not clearly separated into ascending, transversal, and descending colon and rectum). All specimens were fixed in 10% neutral-buffered formalin; parts of the colonic tissues of Nos. 1962-2751 and those of the control animals were alternatively fixed in Bouin's solution. In every case, fixation was for at least 1 week, followed by paraffin (Paraplast @, Shandon GmbH, Frankfurt, Germany) embedding and routine hematoxylin and eosin, trichrome (Masson), and periodic acid-Schiff (McManus) staining. Bouin's solution-fixed paraffin sections were also used for lectin bindings and immunohistochemical tests, and those fixed only in formalin were solely for histopathology and anti-CEA immunohistochemistry. 
Lectins and antisera
Biotinyhted lectins were purchased as ready to use avidinbiotin complex (ABC) kits from Vector Laboratories Inc. (Burlingame, CNCAMON Labor service, Wiesbaden, Germany). They were used without neuraminidase pretreatment; working dilutions were 1 : 500. The following lectins were included:
Ulex europueus I (UEA) for L-fuc-a( 1.2)Gal-P( 1.4)-GlcNAc Cunuvuliu ensiformis (ConA) for m-linked mannose Glycine mux (SBA) for GalNAc(a1.3)Gal Dolichos bzji'orus (DBA) for Gal+ GalNAc Triticum vulgaris (WGA) for N,N',N-triacetylchitobriose Aruchis hypogueu (PNA) for D-Gal-P( 1.3)GalNAc Ricinus communis I (RCA) for oligosaccharides ending in CEA was demonstrated using a commercially available prediluted ABC kit (Shandon) containing polyclonal anti-human CEA antibodies.
The lectin bindings and anti-CEA stainings were graded according to the respective staining intensity from + to + + +.
galactose
Results
The overall results are summarized in Table 1 , which by the different PNA bindings indicates the presence of exposed galactose-/3-1,3 N-acetylgalactosamine in tumor cell cytoplasm and in some cryptal cells adjacent to the tumor masses but not in the nontumorous mucosa of either the animals used for comparison or in the mucosa distant from tumor sites.
There were, additionally, some minor differences in the location of some glycoconjugates. UEA, which in the nontumorous mucosa binds primarily to the enterocyte brush border or occasionally stains small su-pranuclear granules, tended to stain diffusely the infranuclear cytoplasm. Selected tumor cells ( Fig. 1) as well as some enterocytes of lower crypts near tumor nodules ( Fig. 2) were totally stained. UEA-binding substances were also expressed extracellularly between enterocytes of lower crypts and the cryptal basement membrane of crypts adjacent to tumorous foci. Signet ring cells of tumors and mature goblet cells of nontumorous mucosa did not bind to UEA. SBA, DBA, and RCA staining was observed in all parts of the "normal" colonic epithelial cells, most heavily in the fuzzy coat area, whereas in the tumors only the mucins were labeled; the cellular cytoplasm (as far as recognizable) remained unstained. Extraepithelial expressions below the level of the cryptal epithelium were noticed also for SBA-and DBA-binding sites in tumors ( Fig. 3 ).
Similar differences in the distribution were noticed for labeled anti-CEA antibodies. In nontumorous colonic epithelial cells, only the brush border was stained, whereas in the tumor cells the entire cytoplasm showed staining of varying intensity.
Discussion
Free a-L-fucose, GalNAc(a 1.3)Gal, and Gal-Naca( l .3)GalNAc, as indicated by their binding to UEA, SBA, or DBA, were demonstrated in the normal CTT colonic mucosa only in the brush-border area of the colonic epithelium, in highly differentiated goblet cells or in small amounts as minute supranuclear granules in the Golgi area.
In CTT colonic cancer of the present series, the glycoconjugate expressions deviated from these findings 
both qualitatively and quantitatively. On the qualitative level, UEA-, SBA-, and DBA-positive glycoconjugates were expressed in the tumorous tissues in the infranuclear or sometimes entire cytoplasm of colonic epithelial cells and even passed into subepithelial extracellular sites. Quantitatively, the much more pronounced cytoplasmic staining by labeled UEA supported an increased fucosylation due to glycosylation defect and increased accessibility of short-chain epitopes in colon cancer mucins that may participate in carcinogenesis, as suggested by Hanski et a1.I8 Incomplete glycosylation and exposure of innermost regions of mucin oligosaccharides are early events during carcinogenesis;21 therefore, changes in mucin epitopes are more than just phenotypic markers of the malignant process and may modulate tumor progression and metastasis. 18, 23 Cell-surface carbohydrate structures are suggested to act as oncodevelopmental antigens;I3 branched complex-type sugar chains with Gal$( 1-4)GlcNAc residues seem to facilitate the adhesion process during tumor metastasis.I3 The presence of free PNA-binding sites in the CTT colonic carcinoma tissues not pretreated with neuraminidase further indicates defective sialylation. Galp( l .3)GalNAc of both glycocalyx and goblet cells is normally masked by sialic acid and can be demonstrated only after demasking by neuraminidase treatment.2.3J0x32 Due to incomplete sialylation, the colonic cancer cells of human^^,^,*^ and rats' and, as indicated here, also of CTTs possess free Gal-P(13)GalNac li- gands and therefore free binding sites for the labeled lectin. Gal-( 1,3)GalNac, also the immunodominant group of tumor-associated Thomsen-Friedenreich an-tigeq3I has been shown to gradually increase from normal to dysplastic to neoplastic colonic mucosa of hum a n~, *~J~ interpreted as confirmation of the quantitative relationship of PNA binding with malignant tran~formation,'~ or as antigen accumulation. 18 Another defect in glycoconjugate maturation is observed in the GalNac contents, as indicated by the reduced, but not abolished, DBA-binding sites. GalNac, which is a constituent exclusively of mucin-type glycoproteins, is normally expressed parallel to goblet cell maturation, but in the tumor cells of the present series it remained approximately at the staining intensity of immature goblet cells. Reduction in GalNac is also observed in human colonic carcinoma cellsz~3~z5 but is lacking in dimethylhydrazin-induced colonic cancers of rats.'
The reactivity of polyclonal anti-human CEA antibodies with tamarin tissue components in the present study contrasts with the failure reported by Tobi et al.,34 using T 84.66, a highly specific monoclonal antibody. CEAs are a heterogenous mixture of high-molecular glycoproteins of a family of at least four immunologically related oncoantigens including nonspe- cific cross-reacting antigens and biliary glycoprot e i n~,~~J~.~~ which among primates show a distinctly higher degree of codevelopment than those of other mammalian genera. The N-terminal exondomains of the CEA genes of humans, African green monkeys, and chimpanzees are widely homologous, whereas those of rodents did not produce respective bands in DNA hybridization with human CEA.29 Monoclonal antibodies distinguish several epitopes of human CEA from different patterns of tissue reactivityZ2 and the use of monoclonal antibodies by Tobi et al. 34 could possibly explain their failure to demonstrate CEA in CTT colonic carcinomas. CEAs are normally present in small amounts in the enterocytic cell wall; electron microscopically, they are localized in the brush border and in apical vesicles of absorptive colonic epithelial cells, similar to the present findings in CTTs and in mucin granules of the human colonic muco~a.~O In the nontumorous colonic mucosa of CTTs of the present series, no anti-CEA reactivity was found light microscopically in goblet cell granules, but it was present in the carcinomatous tissues, as is the case in human colorectal carcinoma^.'^.'^ The CEA expression in the carcinomatous mucinous inclusions of human and CTT colonic cancer could suggest the expression of a novel epitope cross-reacting with the antibodies similar to D14-recognized epitopes in human colonic cancer. 22 Another possible explanation of the CEA positivity of colonic cancer cells would be incomplete differentiation of the colonic epithelial stem cells into absorptive, goblet, and enteroendocrine cells. Normally, the mucus of goblet cells is not produced by apical cellular structures but by transfer of a ribosome-derived peptide core through the smooth reticulum to the Golgi apparatus,6 all of which were CEA-negative in the normal CTT goblet cells. The CEA positivity of colonic cancer cells thus indicates the presence of apical cellular components of mature absorptive cells within the mucinous substances. Similarly, typical brush-border enzymes were demonstrated in human mucinous colonic cancer^,^^^^^,^^ suggesting a maturation defect of the stem cells in both human and CTT colonic carcinomas.
To conclude, the development of colonic cancer in CTTs involves modifications of the membranous carbohydrate moieties and antigens as well as maturation defects of the mucin-producing cancer cells. This partially contrasts with the results of experimental colonic carcinogenesis in rats. 
